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Article Analysis and Evaluation / Etiology/Other 
DECLARATIVE TITLE:  
Fluoridation may not be linked with adverse health outcomes 
 
ARTICLE TITLE AND BIBLIOGRAPHIC INFORMATION  
Community water fluoridation and health outcomes in England: a cross-
sectional study 
Young N, Newton J, Morris J, Morris J, Langford J, Iloya J, Edwards D, Makhani S, 
Verne J. 
Community Dent Oral Epidemiol 2015;43:550-9 
REVIEWERS 
Karen Blakey, BSc 
Richard J.Q. McNally, BSc, MSc, DIC, PhD 
PURPOSE/QUESTION 
Does exposure to water from artificial fluoridation programs lead to positive or 
negative health outcomes? 
SOURCE OF FUNDING 
Public Health England  
TYPE OF STUDY/DESIGN 
Ecological (area-based) 
LEVEL OF EVIDENCE 
Level 2 Limited quality, patient-oriented evidence 
 
STRENGTH OF RECOMMENDATION GRADE 
Not applicable 
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SUMMARY 
Subjects 
This was an ecological study and included all children and adults living in England, 
excluding those resident in areas where the naturally occurring fluoride level was 
close to 1 part per million (ppm). 
Key Risk/Study Factor 
The key study factor was community water fluoridation. The exposure of interest was 
residence in an area where the fluoride level in water supply has been adjusted 
(artificially fluoridated). 
Main Outcome Measures 
Prevalence of dental caries in children, admission rates for tooth extraction in 
children’ incidence of hip-fracture, renal stones, Down syndrome, any cancer, 
osteosarcoma or bladder cancer’ death from any cause.  
Main Results 
Children living in artificially fluoridated areas had a lower prevalence of dental caries 
(P < 0.001), fewer affected teeth (P < 0.001), and lower admission rates for 
extraction of teeth (55% lower; 95% confidence interval [CI] -73%, -27%; P = 0.001). 
There were negative associations between residence in an artificially fluoridated 
area and incidence of renal stones (7.9% lower; 95% CI -9.6%, -6.2%; P < 0.001) 
and bladder cancer (8.0% lower; 95% CI -9.9%, -6.0%; P < 0.001). There was no 
evidence for associations between fluoridation and nondental health outcomes such 
as hip fracture, Down syndrome, osteosarcoma, all-cancer, or all-cause mortality. 
Conclusions 
The authors concluded that their study provides reassurance that fluoridation 
programs are a safe and highly effective way to provide a population with the 
protective dental health property of fluoride.  The study found lower rates of 
nondental outcomes in areas of artificial fluoridation.  However, the authors stated 
that the ecological study design did not allow any conclusions to be drawn with 
regard to the potential protective effect of fluoridation for nondental outcomes.  
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COMMENTARY AND ANALYSIS   
Fluoride occurs naturally in drinking water supplies, although there is variation in 
concentration. Populations that have high levels of naturally occurring fluoride in their 
drinking water have been observed to have low levels of dental caries.1  The range 
for maximum dental health benefit is 0.7 to 1.2 ppm. Levels below 0.3 ppm may not 
confer any benefit.2 
The recognition that there was an association between dental caries prevalence and 
socioeconomic deprivation led to the introduction of artificial fluoridation in some 
parts of Great Britain.3 At present, artificial fluoridation is carried out by five water 
companies.4   The fluoride level is mainly increased through adding hexafluorisicilic 
acid, a by-product of the aluminum industry, to a Water Supply Zone (WSZ) that has 
been fitted with the appropriate pumping equipment.5  
Fluoridation programs have been credited by the US Centers for Disease Control 
and Prevention as one of the ten great public health achievements of the 20th 
century.6    However, there is also much opposition to implementation on the basis 
that the addition of fluoride to community water supplies may lead to negative health 
effects such as an increased risk of cancer and in particular the bone cancer 
osteosarcoma.7,8  
Systematic reviews have been carried out to assess the efficacy and dental and 
nondental health impact of community fluoridation programs.  The main conclusions 
remain the same: artificial fluoridation is a cost-effective way of providing a 
community with the dental health benefit of fluoride but such a conclusion is based 
on medium to low quality research in the hierarchy of scientific evidence.9,10,11 
Given that whole communities are subject to fluoridation programs and avoidance is 
impossible in those areas in which they operate, it remains important to strengthen 
the evidence base in relation to their efficacy and effectiveness of reducing 
inequalities in dental health as originally intended.12   
A previous ecological study analyzed the association between fluoride in drinking 
water and the incidence of the two main types of bone cancer that affect children and 
young adults--osteosarcoma and Ewing sarcoma.8  That study used data from the 
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whole of Great Britain (GB) for the period 1980–2005. Similar to Young et al.’s13 
study that is under review here, Blakey et al.8 did not find evidence of an association 
between bone cancer incidence and level of fluoride in drinking water.  However, the 
authors also had to apply cautionary caveats given that it was a small area analysis 
and susceptible to the ecological fallacy.14  Finding no association could have been 
due to biases such as exposure measurement error or lack of data availability rather 
than a true relationship between the exposure data and the two outcome measures.  
Nevertheless, Blakey et al.8 was the first large national study of its kind and therefore 
application of the ecological design was appropriate for such an initial investigation 
of etiological hypotheses.15  Furthermore, the authors developed and used novel GIS 
methodologies to enable a fluoride level in drinking water across the whole of GB to 
be assigned to each small area unit in GB. Analyzing the fluoride levels using 
individual sampling data taken from WSZs showed that 33% of artificially fluoridated 
WSZs in England were supplying water that was below 0.7 ppm of fluoride, the lower 
limit of the optimal level for dental health benefit. There were no artificial fluoridation 
programs operating in Scotland and Wales.   
This was a very important finding with regard to the investigation of the safety and 
effectiveness of artificial fluoridation programs, particularly in England, but could also 
be applicable in any other country that artificially fluoridates all, or part, of their 
drinking water supply.   Such heterogeneity in artificially fluoridated areas and such a 
large proportion of WSZs being dosed to a level considered sub-optimal for a dental 
benefit strongly suggests that studies investigating the effectiveness of fluoridation 
programs are seriously flawed.  The fluoride level in artificially fluoridated areas may 
not truly be dosed to 1 ppm.  The further implication is that studies that have 
previously adopted a binary analysis approach between artificial and naturally 
occurring fluoridated areas are fundamentally flawed. 
Young et al.13 reports the results of an ecological study from part of England. The 
authors concluded that the ecological nature of the study design did not permit any 
substantive conclusions to be drawn with regard to putative protective nondental 
health effects of water fluoridation. The authors used residence in an area that was 
artificially fluoridated as the measure of exposure. This was treated as a binary 
variable and so did not permit any further assessment of associations with the actual 
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fluoride levels. They excluded areas where natural fluoride levels were close to 1 
ppm, although the actual critical value was not specified. No attempt to assess the 
actual levels of exposure within the selected areas was made. Given Blakey et al’s8 
findings discussed above, this is a serious limitation of the study.  
Another methodological shortcoming is related to the outcome data.  In particular, 
the dental health survey data16 have been measured at a very low resolution, that is, 
Local Authority level (upper tier and lower tier) and bring further potential 
misclassification. Such a low level of resolution has a much higher chance of 
masking differences.  It makes it impossible to report true findings at a higher level of 
resolution such as Lower Super Output Area (LSAO).   Some of the variables, such 
as mean number of missing teeth (mean mt [% mt > 0]) are based on fewer than 30 
volunteers.  The sampling methodology is also seriously at risk of selection bias.17    
Although not cited by the authors, the Young et al.13 study is directly linked to the 
Public Health England water fluoridation health monitoring report for England that 
was published in March 2014.18 The McGrady et al.19 study was included and 
reported as one of the study’s health indicators in the health monitoring report.  
McGrady et al.19 found that fluorosis (mottling of teeth caused by too much fluoride 
intake)1 was more prevalent in areas subject to artificial fluoridation programs when 
compared to areas that didn’t add fluoride. However, Young et al.13 does not make 
reference to the fact that McGrady et al.19 found increased risk of developing mild 
fluorosis was associated with residence in an artificially fluoridated area.  Instead, 
Young et al.13 highlights both areas (the artificially fluoridated city Newcastle and 
non-artificially fluoridated city of Manchester) demonstrated a low prevalence of 
moderate and severe forms of dental fluorosis.  
The Young et al.13 study reported protective effects for dental caries, renal stones, 
and bladder cancer. The authors acknowledged that the association found for 
bladder cancer may not truly reflect an individual protective effect (the ecological 
fallacy). Furthermore they state that there is potential for misclassification of 
exposure status due to the study design. However, the authors make a strong 
statement relating to decreased prevalence of dental caries in areas of artificial 
fluoridation.  They state that “fluoridation is a safe and highly effective public health 
measure to reduce dental decay”.13 The study cannot provide reassurance that 
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artificial fluoridation programs are safe and highly effective given there are so many 
potential sources of misclassification. 
The authors should be more cautionary with regard to the interpretation of their 
results for a number of other reasons.  For example, the original ecological studies 
that detected an association between fluoride and prevention of dental caries were 
from a previous era and do not necessarily reflect the present day availability of 
other sources of fluoride intake, for example, via tea, bony fish, and fluoridated 
toothpaste.   Fluoridated toothpaste did not come into widespread use until the early 
1970s.4 
One of the other major methodological flaws that should not be overlooked is the 
issue of non-contiguous area boundaries that were subject to change over time.  
Census boundaries can change over time and some changes can be quite 
substantial.20 Blakey et al.8 adjusted both numerator data (geo-referenced bone 
cancer registration data) and denominator data (Population census data) so they 
were compatible with 2001 census definitions.21 Blakey et al.8 used a time series of 
Townsend Deprivation scores that had adjusted all boundaries so they were 
compatible with 2001 census boundaries as a measure of social deprivation.22 
Young et al.13 used the Index of Multiple Deprivation with no adjustment.   
Similarly, WSZs are non-contiguous with the census zones and were also subject to 
change over time given that they are defined according to a maximum population 
threshold.23 This means that a number of WSZs can supply the residents of a LSOA 
and the residential property can be subject to water supply from different WSZs over 
time.  It is not clear whether Young et al.13 allows for this confounding factor. 
In summary, the authors have conducted a limited study of links between fluoride 
and health outcomes in part of England. There are major methodological 
shortcomings, not only in the design but also with regard to the measure of exposure 
to fluoride. Binary analysis was not an appropriate way of assessing exposure to 
fluoride given the heterogeneity within areas where artificial fluoride programs are 
operating.  It is not possible to make firm conclusions about the effectiveness and 
safety of artificial fluoridation from the Young et al.13 study.  Studies that use binary 
analysis merely perpetuate the questions regarding the effectiveness and safety of 
artificial fluoridation programs rather than answering them.  Given the controversy 
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and the lack of high-quality research, a substantial investment in further studies is 
required so that individual exposure can be taken into consideration.   
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